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ABSTRACT 
Full and complete utilization of water resources is an economic and social advantage to all 
members of a society. Kuraz sugar development project was planned and built only for 
irrigation water requirement, even though there are large amount of excess inflow exceeding 
normal inflow of irrigation requirements. The aim of the study was assessing hydropower 
potential on existing headwork of Kuraz irrigation development project. Input data considered 
were, salient futures of headwork, coffer dam and spillway including irrigation requirement, 
stream flow, and map of the site. An effort was made to identify possible power plant site by 
topomap for existing headwork for alternatives, the result indicates that it is possible at left side 
spillway for intake level of 480 m.a.m.s.l to 465 m.a.m.s.l at tail water level resulting gross head 
of 15m. Flow duration curve was done to analyze availability flow for existing water use, 
environmental requirement and power generation. Design discharge giving maximum benefit 
considering dimension of the project and site condition, subtraction of irrigation and 
environmental flow from average available flow 92m
3/
s selected. Hydrologic Engineering 
Center Reservoir Simulation Model (HEC-ResSim) for hydropower simulation was performed to 
evaluate the performance of different water uses, time distribution of water and power 
production. The result indicates that potential power of 11MW can be developed by release of 
92m
3
/s. Based on the specific and head, Kaplan turbine is appropriate. If more than one of these 
turbines are appropriate for the job, than it will be necessary to compute installed power and 
electricity output against cost before making decision. It can be concluded that it is possible to 
use untapped hydropower at possible site nearby and excess water exceeding existing water 
demand by integrating existing infrastructure without affecting the project benefit and 
surrounding environment of Kuraz Irrigation headwork.  
Key words: Multipurpose, Headwork, Turbine, spillway, Head, Discharge, Hydropower  
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CHAPTER ONE 
1. INTODUCTION 
1.1 Background  
Integrated development of water resources is a high priority consideration in the 
economic development of most of the developing countries, as food and energy continue 
to be among the most pressing needs. Moreover, multipurpose projects are meant to 
tackle various problems associated with river valleys in an integrated manner. They help 
to control flood, check soil erosion, provide water for irrigation and drinking purposes, 
generate electricity for industries, villages, cities, provide inland navigation, and help in 
preservation of wildlife and development of fisheries. The greatest example of integrated 
water management is the building of multipurpose river projects. Most of the developing 
countries are suffering from what many call the energy crisis, which is characterized by 
depletion of locally available energy resources and dependence on imported fuel. In fact, 
the energy crisis is believed to be the second most serious problem in these countries next 
only to the food crisis. What is more, the energy crisis is exacerbating the food crisis by 
increasing the rate of deforestation and thereby causing degradation of farmlands.  
Ethiopia is endowed with abundant water resources in twelve river basins which carry 
quite a big amount of water annually with river basins being very steep at the upstream 
and gentle in the downstream, are quite suitable both for hydropower development and 
Irrigated agriculture. Thus, advantageously the government has taken different measures 
to increase electrification access in the country of which formulation of energy policy in 
1994 is one of the positive drives (NBCBN, 2005). The policy encourages the energy 
supply and reduce use and dependency on fossil fuel. The policy puts hydropower 
resource development as top priority due to availability of high potential site suitable to 
generate electricity at relatively lower cost. Yet, the country has not made the best out of 
the so called "white coal ". Hence, currently undertaking large investment in water 
resources projects especially in irrigation and power generation in integrated or single. 
The Omo-Gibe basin is one of the major river basins in Ethiopia which is situated in the 
southern part of the country. It has a total catchment area of about 79 000 km
2
 and it has a 
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catchment area of 48520km
2
 at the Kuraz development diversion site. The project has an 
overflow weir to raise water on the side of a barrier (coffer dam) that spans the cross 
section of a river at diversion site selected at the outlet of Omo River to flood plain and it 
is intended to divert irrigation water to150000 ha of land on both sides of the river for 
Sugar cane development. For the estimation of flow at the headwork two scenarios were 
considered; i.e., flow at the diversion site with and without Gibe III dam. Finally the 
design was based on second scenario i.e. flow at the diversion site both residual area and 
power release of Gibe III hydropower in order to minimize flow during deficit months 
from the residual area only. However, there is flow exceeding the irrigation demand spills 
every month at flood control spill channel thought the saddle. As per the water balance 
study the inflow of water to the diversion weir is in the range of 17.9 billion m
3
, while the 
gross amount of diverted water that can be utilized for irrigation is about 29 % of the 
incoming flows (Kuraz Sugar development Climatology and hydrology study, 2013). 
Therefore, this study tried to develop headwork for multi-purpose secondary hydropower 
generation from the minimum excess spills by maintaining existing irrigation demand 
and considering environmental flow.   To study try to analyze the surface water resources 
distribution in time as well as the amount of water to be release from Omo River at Kuraz 
head work through flood control for existing irrigation demand at both sides of weir to 
off taking canal by applying water planning and evaluation techniques to achieve 
sustainable use of water among multi-purpose users. In addition to available water 
available, to develop a power system, the theoretical power available from the falling 
water depends, the output power is a function of the potential energy, the types of 
electromechanical and civil work components used in the system. One thing, all the 
available head is not consumed for power generation instead some part of it will be lost in 
the system while flowing, especially in the canals and penstock pipes. The other thing is 
the electro mechanical components used in the system are not 100% efficient. Therefore, 
for the calculation of the available power from the hydro system we need to consider the 
effective head, and the efficiencies of system components. 
There are various planning and management optimization and simulation models have 
been developed in order to support the decision-making process of water uses and 
reviewed by many authors. Often the evaluation of water use can best be addressed with 
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simulation models. Therefore, in order to evaluate water uses of Kuraz sugar 
development headwork for multi-case, simulation (HEC-ResSim) was applied.  
 
1.2 Statement of the Problem 
 
 Despite the commitment by many countries to implement integrated water resource 
management approaches, such plans are still in their infancy. In most river basins around 
the world, allocation of water for irrigation and hydropower continues to take precedence 
over other water uses, as countries prioritize food and electricity production. Energy and 
water are inextricably linked and the provision of clean and abundant sources 
of water depends on the availability of clean, affordable, and sustainable energy. 
However, energy and water resources are often planned for and managed separately, and 
their production and use are often at the expense of the environment. It is important to 
move away from ad-hoc or laissez-faire planning and management towards long-term, 
integrated processes, in which these resources are recognized as being interconnected. 
This will be especially important in harmonizing water use between energy production, 
food production and other uses so that these needs complement each other rather than 
compete against each another. 
In Ethiopia, the concept of multi-purpose development does not seem to be given the 
right attention it should have. There are many water resources projects being undertaken 
for single-purpose development without possible consideration for other uses. Immediate 
demands, without little forethought for future consequences, may press on piecemeal 
developments. Usually major water control structures. Once built, can be altered either 
not at all or only with difficulty and substantial expense. If the suitable dam sites are 
already appropriated for single-purpose projects, the opportunities for economic multi-
purpose developments are considerably reduced or even eliminated. This type of 
undertaking, even though it gives a temporary solution to the problem then prevailing, 
would not only undermine the optimum use of water but also create a waste of available 
resources. 
There are many dams built in Ethiopia for single purpose. Most of them are either for 
water supply or irrigation projects. Kuraz head work is planned and built only for 
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irrigation water requirement. The project and the community around the project area are 
getting power supply from imported fuel and the area is not connected to national grid. 
The project needs power for factory demand, left side pump scheme, electromechanical 
operations and community domestic demand. It could be possible to generate a 
hydropower from the existing dam with run of river hydropower concept thought 
temporary left spill channel of the head work to meet the energy demand of the project. 
Knowing the amount of power could be generated from hydropower scheme to supply 
the power needed for the factory demand and to avoid imported fuel consumption of the 
project for energy demand.  
As per the water balance study the inflow of water to the diversion weir is in the range of 
17.9 billion m
3
, while the gross amount of diverted water that can be utilized for 
irrigation is about 29 % of the incoming flows (WWDSE 2013). It could be possible to 
generation of secondary power to the extent possible by utilizing from the inflow to weir 
site larger than irrigation demand from existing headwork modified to integration of the 
power plant.  
1.3 Objectives of the Study 
 
1.3.1 General Objective 
The general objective of the research is to asses hydropower potential on existing 
headwork of Kuraz sugar development project for multi-purpose. 
1.3.2 Specific Objectives 
 To asses appropriate site and head for the possible power development 
 To evaluate available  firm flow at section by flow duration curve(FDC) 
 To simulate using Hec-ResSim simulation including relevant structures allowing 
to estimate the possible release and power plant accounting for the historical 
diverted flows at the existing Kuraz sugar water requirement. 
 To determine suitable turbine type and other possible power parameters. 
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1.3.3 Research Questions  
 How much amount of water is spilling thought the weir after meeting irrigation 
demand?  
 Is that possible to make Kuraz irrigation development project headwork for 
multipurpose? 
 How much hydropower potential is generated from the existing headwork of 
Kuraz irrigation development scheme?  
 
1.4 Significance of the Study 
 
To ensure the development goals of the country, river basins have been well identified 
and planned. To transform the local economy from subsistence, predominantly 
agricultural one which makes limited use of the abundant water resources to an economy 
based on the development of water resources that contribute to growth in multiple sectors 
is one of the long-term visions of the Ethiopian Government. The result will be a 
dramatic reduction in the poverty and acceleration in regional growth as well as within 
the country, Ethiopia. Improved control and management of finite water resource in the 
Omo Gibe basin is critical if continuous growth in different sectors like agricultural 
productivity, energy production, livelihoods, health and a reduction in poverty is to be 
realized. To prevent an extra degradation and river sustainability, well controlled, 
managed, and regulated water resource development is important.  Hence, effective 
management and planning of water resources to ensure sustainability of projects in and 
around the project area, to minimize negative impact and to attend optimum product for 
both hydropower and irrigation development of Kuraz headwork Multipurpose project 
study is very crucial and important in the basin as well as the whole country, Ethiopia. 
 
 
 
6 
 
1.5 Structure of the Thesis 
The thesis has been organized to have six chapters including the introductory section. 
General overviews of each chapter are discussed as follows: 
CHAPTER ONE: Comprises the introduction part, problem statement, objectives of 
the study and Significance of the study. 
CHAPTER TWO: Literature review about integrated water resource development, 
Headwork components and layout, site selection, head, discharge and turbine 
selection and hydropower classification. 
CHAPTER THREE: Material and methodology followed for the study; in the 
methodology section, Study area description including topography, temperature and 
rainfall characteristics about the area. 
In the methodology section, data and data collection, site selection and layout 
preparation including gross head determination, discharge determination and 
evaluation of water for different uses and power simulation by using Hec-ResiSim. 
CHAPTER FOUR: Power site identification and gross head determination result and 
discussion, Discharge analysis by using FDC methods result and discussion,  result 
and discussion about power  simulated . 
CHAPTER FIVE. Conclusion and Recommendations from the study 
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CHAPTER TWO 
2.0 LITERATURE REVIEW 
2.1 General  
There is difference of opinion among engineers as to the meaning of multi-purpose 
project. There are engineers who consider any reservoir used or capable of being used for 
more than one purpose as multiple purpose reservoirs. An irrigation project, solely 
designed for irrigation as an objective, may provide other incidental benefits.  
In many countries, especially developing ones, the control of a river subject to disastrous 
floods, the exploitation of a river for power generation, the improvement of river channel 
for navigation, the regulation of surface water and the exploitation of the ground water 
for irrigation, domestic, municipal and industrial use, the disposal of sewage and 
industrial waste or any other use or control of water has been treated until very recently 
as isolated problems.  
This disorderly and integrated development of water resources has neglected the 
maximum utilization of the available water. Single-purpose development has created and 
is still creating a lot of waste of flowing wealth. Many already constructed single-purpose 
projects have occupied sites that could have been used for multi-purpose projects and 
thereby providing optimum benefits from the available water. 
The rapid growth in multiple-purpose development stems mainly from a realization to 
make maximum use of existing water resources. The start of the evolution of multiple-
purpose development of water resources is the recognition of the multi-purpose concept 
itself. This began in the U.S. with the intimation of the relationship between navigation 
and flood control first; between irrigation and flood control second; between watershed 
management and flood control, navigation and irrigation third. This led to laying down 
the broad fundamentals of the multiple purpose concept. 
River basins are the natural sub-divisions of water resources. The river-basin concept is 
another factor that evolutional multi-purpose development. This recognizes the 
interrelation of resource elements. A drainage basin is to be considered as an economic 
unit and a dynamic and organic system. Multi-purpose development can, in river-basin 
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concept, make the maximum utilization of the water of the basin in an integrated 
development of the entire basin. 
The new idea of a comprehensive programme of development; the new concept of social 
benefits and costs as applied to region; and the new concept of a unified control (TVA in 
U.S.; Damodar V.P. in India, AVA in Ethiopia etc.) have made the multi-purpose 
approach of water resources development the most attractive and beneficial one. The 
design of any multi-purpose project is basically an economic problem. The basic factor in 
multi-purpose design is compromise.  
The structural features (dams, spillways, sluiceways, gates, water conductors, power 
plants etc.) are more or less the same for single purpose as well as for multi-purpose 
projects. The most important point in multi-purpose design is the selection of the physical 
works and an operation plan to provide an effective coordination and reconciliation 
among the various uses. 
Under the scope of the work, modification to the existing irrigation headwork, with an 
integrated power intake on the saddle spillway system to divert water through providing a 
trash rack into the opening of a new penstock installed to develop hydropower by using 
water in excess of irrigation demand 
2.2 Review of Water Resource Multipurpose Projects in Ethiopia 
Ethiopia is called the water tower of Africa due to its combination of mountainous areas 
with a comparatively large share of water resources in Africa. Only a fraction of this 
potential has been harnessed so far, 1% at the beginning of the 21st century 
(https://en.wikipedia.org/wiki/ethiopia)  
In order to become the powerhouse of Africa, Ethiopia is actively exploiting its water 
resources by building dams, reservoirs, irrigation and diversion canals and hydropower 
stations. The benefits of the dams are not only limited to hydropower. Many dams are 
multi-purpose dams that are also designed to provide water for irrigation, drinking water 
and flood control. However, hydropower is expected to be the main benefit of the dams. 
List of water resources projects considered for multipurpose according to priority shown 
Table 2.1. 
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Table 2.1 Review of Multipurpose projects in Ethiopia 
Reservoir Purpose of Reservoir  Total 
Reservoir 
Size(km
3 
) 
 
River 1st 2nd 3rd 
Aba Samuel hydropower Flood control  35 Akaki 
Alwero Irrigation   75 Alwero 
Amerti hydropower Irrigation  40 Fincha 
Angereb Drinking 
water 
Irrigation  5 Lesser 
Angereb 
Arjo Didesa Irrigation Flood control  2.3 Didesa 
Chomen lake hydropower Drinking 
water 
Irrigation 0.65 Finch 
Dire Drinking 
water 
  0.019 Dire 
Geba Irrigation Hydropower  1.4 Geba 
Gefersa Drinking 
water 
  0.007 Akaki 
Genale Dawa 
III 
 
hydopower Flood control  2.6 Genale 
GenaleDawa 
IV 
 
hydropower Irrigation  0.18 Genale 
GERD hydropower Flood control Fishing 74 Blue Nile 
Gidabo Irrigation  Flood control Drinking 
water 
0.102 Gidabo 
Gilge Gibe I hydropower Flood control Siltation 
sink 
0.92 Gilge 
Gibe 
Source :(https://en.wikipedia.org/wiki/ethiopia)  
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2.3 History of Hydropower 
People have been benefiting from the power of water for more than two thousand years 
starting with wooden water wheel. Water wheels were used to grind wheat into flour as 
early as 100 B.C. and in many parts of Asia mostly for milling grain (Canadian 
Hydropower Association, 2007).Improved engineering skills during the 19th century, 
combined with the need to generate electricity, modern day turbines gradually replaced 
the water wheel and soil and rock dams built to control the flow of water and produce 
electricity. The golden age of hydropower started at the beginning of the 20th century 
before oil took the lead in energy generation. Europe and North America built large 
hydropower plants, equipment suppliers spread to supply this thriving business. 
2.4 Basic Concept of Hydropower 
Water constantly move through a vast global cycle, in which it evaporates (due to the 
activity of the sun) from oceans, seas and other water reservoirs, forms clouds, 
precipitates as rain or snow, then flow back to the ocean (see fig. 2.1). The energy of 
this cycle, which is driven by the sun‟s energy, is trapped as hydropower.  
Source: (Source: http://www.eere.energy.gov/wind and hydro/hydro_how.html) 
Figure 2.1The hydrologic cycle 
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2.5 Energy Conversion principles 
Hydropower captures the energy released from falling or moving water. Water falls 
due to gravity which causes the pressure and kinetic energy to be converted into 
mechanical energy then electrical energy. A water wheel or hydraulic turbine is used 
as a prime mover to transform the energy of water into mechanical energy (W and A.D. 
Reprinted in 2000). 
The potential energy lost by a volume of water falling down a slope in each second is 
given by the equation: 
                                                                                                                                                
 
Hydroelectric power capacity of a plant is proportional to the product of gross head 
and discharge which can determined from 
                                                                                                                                             
 
Where 
P is power (Watts) 
e is the overall efficiency (%) 
ρ is the density of water (1000kg/ 
g is the acceleration due to gravity (9.81m/s) 
Q is the water discharge passing through the turbine (m
3
/s) 
Hg is the gross head (m) 
 
2.6 Classification of Hydropower Schemes 
Run-of-river type: The first hydro facilities were known as Run of River schemes. These 
schemes do not include any significant water storage, instead use the natural stream flow 
of the river and therefore make use of whatever water is flowing in the river. Generally, 
these plants would be feasible only on such streams which have a minimum dry weather 
flow of such magnitude which makes it possible to generate electricity throughout the 
year. However because the flow may vary throughout the year, during low flow seasons 
when the flow may be insufficient, run of river schemes are unable to generate power if 
they are not provided with some regulatory means. Hence typical run of river schemes 
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involve either a low level diversion weir (a small dam) or a stream bed intake, and are 
usually located on swift flowing streams (Inversin, & Allen R.,1986). The low level 
diversion weir has the advantage that it raises the water level in the river sufficiently to 
enable an intake structure to be located on the side of the river, and to take care of the 
variation of flow in the river. During off-peak hours of electricity demand, as in the night, 
some of the units may be closed and the water conserved in the storage space, which is 
again released during peak hours for power generation. The main components of a small- 
scale hydropower are: weir or dam, intake structures, penstocks, power house, tail race, 
fore bay tank and canal. 
(Source: www.british-hydro.org.uk). 
Dam or Weir: This controls the flow of water and increases the elevation to 
create the head. 
Power canal: Coveys water from intake to the forebay, usually made of earth or 
concrete 
Figure 2.2 Overview of entire small-scale hydropower system  
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Forebay Tank: The forebay tank purpose can be any combination of a surge volume, 
storage capacity, or sedimentation basin. Preventing sediments from entering the 
mechanical turbine from damage and shortened life. 
Penstock: Under full channel flow conditions the penstock transfers the collected water 
from the forebay tank to the mechanical works (figure 2.2). The purpose of the penstock 
is to provide the shortest path and largest elevation drop before the water enters the 
turbine. The change in elevation from the forebay head pressure in units of meters or feet. 
This head pressure provides the driving force to operate the turbine. 
Power house: Is the facility for converting the fluid energy into the electrical 
energy. It stores and protects all the power producing equipment and control 
devices. 
Turbine: Provides the mechanical energy from the water pushing against its 
blades to drive the generator. 
Generator: Converts the mechanical energy produced by the turbine into 
electrical energy. 
Tailrace: The used water enters the tailrace from the turbine and returns to the 
stream of origin. The tailrace is designed to minimize or prevent soil erosion by 
slowing the flow velocity before discharging to the stream. Reducing the 
velocity is often accomplished through the use of riprap commonly called rock 
slop protection (Hydraulic Energy Program, 2004). 
Impoundment: In large hydropower systems the construction of large dams is necessary 
to store water and to provide sufficient head for the turbine. In addition of maintaining a 
sufficient head for the turbine, the dam/reservoir had the advantage that the stored water 
is used during dry seasons. And also these water storage schemes enable the power 
station to generate at times of peak power demand, and then allow the water level to rise 
again during off peak time. Schemes with large dams are better suited to larger, gently 
graded rivers. 
 
14 
 
 
 Figure 2.3 Reservoir Scheme (Source: www.british-hydro.org.uk). 
2.7 Developments Using Existing Water Networks 
The use of water networks built for irrigation, drinking water and even waste water can 
be used for energy development. The advantage of using existing networks is that the 
initial cost is lower compared to other configurations. In the case of irrigation or drinking 
water networks, the pressure caused by the strong slope between the reservoir and the 
consumers, has to be wasted in the surge tank. Instead of reducing the pressure it is often 
technically and financially possible to use a small pelton turbine which uses this pressure. 
Therefore, water generates energy before being consumed. There are two possible energy 
generation methods for existing waste water networks that the turbine can be set either 
before or after the treatment plant. In both cases optimal dimensioning of components is 
needed (MHylab, 2005).Porsuk dam has the potential of being an example of the issue of 
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electricity generation with small hydropower plants from irrigation dams after the article 
of Bakis and Bilgin is presented in International Symposium: Water for Development 
Worldwide (Bakis and Bilgin ,2005).Schemes are also classified according to the “Head”. 
High head: 100m and above 
 Medium head: 30-100m 
Low head: 2-30m 
2.8 Components of Hydropower Plants 
A hydropower plant construction can be described under two main headings: 
Civil works, and electromechanical equipment. 
2.8.1 Civil works (stream Diversion) 
The basic design begins with partial stream diversion. There are a range of diversion 
designs from a simple pipe insertion into stream flow to a more complicated low weir 
that extends partially or completely across the stream. The inlet would also 
have a debris screen installed to prevent large objects such as rocks, leaves, or twigs 
from entering and damaging the system (New, 2004). 
2.8.2 Electrical and Mechanical Equipment 
The primary electrical and mechanical components of a hydro plant are the turbine(s), 
their governor(s) and generators. 
2.8.2.1Turbine 
Turbine is the heart of a small hydropower plant because it determines the overall layout 
of the project (Canada ,2007) a number of different types of turbines have been designed 
to cover the broad range of hydropower site conditions found around the world.There are 
two types of hydro turbine, reaction turbines and impulse turbines. Turbines used for low 
to medium head applications are usually of the reaction type and a pressurized flow 
medium exists in a closed chamber in this case.Reaction types include Francis turbines 
where flow is radially inward or mixed and Kaplan or Propeller turbines where flow is 
axial with fixed or adjustable blades respectively. Turbines used for high-head 
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applications are generally referred to as impulse turbines.Impulse turbines include Pelton, 
Turgo and Crossflow turbines. The runner of an impulse turbine spins in the air and is 
driven by a high-speed jet of water which remains at atmosphere pressure. 
(i) Pelton Wheel 
This is an example of an impulse turbine. Nozzles direct forceful streams of water 
against a series of spoon-shaped buckets mounted around the edge of a wheel. Each 
bucket reverses the flow of water and this impulse spins the turbine. The Pelton 
Wheel is suitable for high head, low flow sites. The quantity of water discharged by 
the nozzle can be controlled by controlling the nozzle‟s opening by means of needle 
placed in the tip of nozzle. (As shown in the figure 2.4) 
(ii) Kaplan Turbine 
The inlet is a scroll-shaped tube that wraps around the turbine‟s wicket gate. The 
Kaplan turbine is an example of reaction turbine. Water is directed tangentially, 
through the wicket gate, and spirals on to a propeller shaped runner causing it to spin. 
The output is a specially shaped draft tube that helps decelerate the water and recover 
kinetic energy. There are only 3 to 6 blades in Kaplan turbine which reduces 
frictional resistance. The Kaplan turbine is shown in figure 2.5. 
(iii) Francis Turbine 
The Francis turbine is also an example of a reaction turbine. It uses the total available 
head partly in the form of pressure energy and partly in the form of kinetic energy. 
This type of turbine is mostly used for medium heads; because in case of Pelton 
wheels as the head reduces for a given output the diameter of the rotor has to be 
increased at the same time the speed reduces. Thus the Pelton wheel becomes 
unsuitable and the choice goes for Francis turbine. See figure 2.6. 
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Figure 2. 3 Francis turbine 
Source: www.enerecosrl.com    
   Table 2.2 Turbine Type Head Classification 
Turbine 
Type 
Head Classification 
 High(>50m) Medium(10-50m) Low(<10m) 
Impulse Pelton,Turgo, 
Mulit jet Pelton 
Cross flow, Turgo 
Mulit jet Pelton 
Cross flow 
Reaction  Francis(special 
case) 
Francies (open flume) 
Propeller or kaplan 
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2.8.2.2. Governors 
The rotational speed of turbines must be controlled within narrow limits to 
maintain the correct frequency. This speed control is provided by a governor that adjusts 
the water flow by sensing changes in speed. The correct frequency is between 50 to 60 
MHz (Paish, 2002) 
2.8.2.3Generators 
There are two basic types of generator used in small hydro plants, synchronous 
and induction (asynchronous). A synchronous generator can be operated in 
isolation while an induction generator must normally be operated in conjunction 
with other generators. 
2.9 Hydraulic Turbine Selection Criteria 
The type and size of a turbine for a hydropower system is different for one project than 
the other depending on many factors. Therefore using these factors as criteria, the type 
and size of turbine for a particular hydropower system can be determined. The selection 
of type, geometry and dimensions of the turbine for a particular site depends on the site 
characteristics; the dominant factors being the head available and the power required. 
Selection also depends on the speed at which it is desired to run the generator or other 
devices loading the generator. Some turbines like the cross-flow and the Kaplan work 
efficiently with a large range of flow variation while others like the propeller turbines 
work only for a narrow range of flow variation with their efficiency falling rapidly with a 
little variation in flow.  
2.9.1 Site Data 
It is presumed that the data with regard to design head design discharge, number and 
types of units and capacity are known. Departure from these guidelines for selection 
etc.as discussed may be necessary to meet the special requirements and conditions of 
individual sites. 
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2.9.2 Net Head 
The effective head available to the turbine unit for power production is called the net 
head. Selection of rated and design head requires special attention in reaction turbines. 
The turbine rating is given at rated head. Determination of rated head, design head and 
maximum and minimum net head is important.  
  
Definition of Head 
 
Effective Head (Net Head) - The effective head is the net head available to the turbine 
unit for power production. This head is the static gross head, the difference between the 
level of water in the Forebay/impoundment and the tailrace water level at the outlet, less 
the hydraulic losses of the water passage. 
The effective head must be used for all power calculations. The hydraulic losses can vary 
from essentially zero for flume-type turbine installations to amounts so significant for 
undersized outlet conduit that the energy potential of the site is seriously restricted. The 
hydraulic losses in closed conduit can be calculated using the principles set out in general 
hydraulic textbooks. In addition to conduit losses, an allowance for a loss through the 
intake structure should also be included. In general a hydraulic loss of one velocity head 
(velocity squared divided by 2 x acceleration due to gravity) or greater would not be 
uncommon. The hydraulic losses through the turbine and draft tube are accounted for in 
the turbine efficiency. 
Gross Head (Hg) – is the difference in elevation between the water levels of the forebay 
and the tailrace. 
Maximum Head (Hmax.) – is the gross head difference in elevation between the 
maximum forebay (head water) level without surcharge and the tailrace level without 
spillway discharge, and with one unit operating at speed no-load (turbine discharge of 
approximately 5% of rated flow). Under this condition, hydraulic losses are negligible 
and may be disregarded. 
Minimum Head (Hmin.) – is the net head resulting from the difference in elevation 
between the minimum forebay (head water) level and the tailrace level minus losses with 
all turbines operating at full specified gate opening. 
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Weighted Average Head - is the net head determined from reservoir operation 
calculations which will produce the same amount of energy in kilowatt-hours between 
that head and maximum head as is developed between that same head and minimum 
head. 
Design Head (hd) – is the net head at which peak efficiency is desired. This head should 
preferably approximate the weighted average head, but must be so selected that the 
maximum and minimum heads are not beyond the permissible operating range of the 
turbine. This is the head which determines the basic dimensions of the turbine and 
therefore of the power plant. 
 Determination of Head  
The topographic conditions of the site chosen must ensure availability of sufficient head 
for the water to fall before the power house. 
Measuring Head 
Head is the vertical distance that water falls to the turbine, measured in meters or feet. 
For hydropower potential assessment in general, measuring the available head can be 
done by a quick and less costly methods which can be used for its preliminary 
determination.  
Maps: Detailed topographic maps are useful for locating potential sites and for obtaining 
a rough estimate of head levels at the proposed intake, tailrace water levels, and the 
length of the pipelines, the size of the drainage area and the origin and destination of the 
stream. Smaller-scale maps if available are better because they have a higher contour 
resolution NRC (A Buyer‟s Guide,2004). 
 
Altimeters: Altimeters can be useful when undertaking high head pre-feasibility studies. 
The principle used is that for an increase in elevation of 100 m, atmospheric pressure 
decreases by approximately 9 mm of mercury. An altimeter used to measure the change 
in elevation is essentially a barometer calibrated in meters. The difference in elevation 
between the two points can be determined by reading the altimeter at the two points and 
the difference of the two readings, with some atmospheric effect considered, gives gross 
head required. 
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Dumpy Levels and Theodolites: A dumpy level is the conventional tool used for 
measuring head. An experienced operator who can check the level‟s calibration should 
make the measurement. When using a dumpy level, the operator takes a horizontal sight 
on a staff held by a colleague and needs an unobstructed view. A theodolite can measure 
vertical and horizontal angles. 
2.9.3 Specific Speed (Ns) 
The term specific speed used in classifying types of turbines and characteristics of 
turbines within types is generally the basis of selection procedure. This term is specified 
as the speed in revolutions per minute at which the given turbine would rotate, if reduced 
homologically in size, so that it would develop one metric horse power at full gate 
opening under one meter head. Low specific speeds are associated with high heads and 
high specific speeds are associated with low heads. Moreover, there is a wide range of 
specific speeds which may be suitable for a given head. Selection of a high specific speed 
for a given head will result in a smaller turbine and generator, with savings in capital 
cost. However, the reaction turbine will have to be placed lower, for which the cost may 
offset the savings. The values of electrical energy, plant factor, interest rate, and period of 
analysis enter into the selection of an economic specific speed. Commonly used 
mathematically expression in India for specific speed is power based (English System) is 
as follows: 
Power based specific speed (Nsp) 
    
       
       
                                                                                                                            
Where N=revolution per minute 
            P=power in metric horse power/Kw at full gate opening 
           H=rated head in m 
The specific speed value defines the approximate head range application for turbine type 
and size. Low head units tend to have a high specific speed, and high-head units to have a 
low specific speed. 
Flow Based Specific Speed Nq 
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Flow based metric system for specific speed (Nq) used in Europe is given by equitation 
below. This can be derived from Nq as P α QH. 
   
     
     
                                                                                                                      (2.4) 
Where   Nq=Specific speed 
              N=Speed in rpm 
             Q=Flow in meters per second 
             H=net head in meters 
The net head available to the turbine and unit size dictates the selection of type of turbine 
suitable for use at a particular site.  
Relationship between head and specific speed for preliminary selection of turbine types 
as per Indian Standard 12837 is given in figure 2.7. Overlapping range of the three types 
of turbine is shown in figure 2.8. 
 
 
 
Figure 2. 4 Ns versus Head - This figure shows the various turbine type as a function of specific 
speed (Ns) and head.  Source: ASME guide to design of hydropower mechanical design 1996. 
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     (Source – IS: 12837) 
2.9.4 Discharge 
All hydroelectric generation depends on falling water. Stream flow is the fuel of a 
hydropower plant and without it, generation ceases.  
Accordingly, the study of any potential hydroelectric scheme must first of all address the 
availability of an adequate water supply. Therefore available discharge and its variation is 
also important for checking plant rating and capacity limitations for part load operations. 
When a site has been identified as topographically suitable for hydropower, the first task 
is to investigate the availability of an adequate water supply.  
In order to adequately assess the minimum continuous power output to be expected from 
the diversion with storage system, the minimum quantity of water available throughout 
the year must be determined. The storage, however, would not be so large so as to 
confidently decide a season of increasing or decreasing storage. Such a project may spill 
even during the low flow season, if the flows are rather good. Similarly, it may fail even 
during high flow season, if for some period during the season the flows are rather low. In 
Figure 2. 5 Relationship between Head and Specific Speed  
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general, simulation of such projects would have to be carried out either on 10-daily or 
monthly basis for assessing the project performance for multi-purpose units. 
The compatibility, of purposes a diversion with storage serves, is very significant in its 
operation. The degree of compatibility of each water use depends on the characteristics of 
the river system, water use requirements, and ability to forecast runoff. In case the 
purposes are relatively compatible, its operation becomes easier and on the other hand, if 
the purposes are not compatible, operation becomes rather complex. It is thus relevant to 
understand the purposes or water uses a reservoir serves and their relative compatibility. 
For this study in the preparation of regulation plans for an integrated operation of system, 
modifications of headwork from storage available for flood control could utilized for 
generation of secondary power to the extent possible.   
In order to evaluate the system performance, it is necessary to have a mathematical 
model, which is simplified and rational representation of the reality. The model 
conceptualizes the real system and makes the actual situation less complex. Using the 
models, various alternative systems and policies can be evaluated without interfering with 
the real system or actually having a prototype. The mathematical models provide a link 
between the description of the system and electronic computers, by means of operational 
mathematical techniques. The most popularly followed approaches are simulation and 
optimization. 
2.10 Water Planning and Evaluation Models 
Water resources literature suggests that computer based models have the potential to 
provide useful information in facilitating water resources planning and management, as 
well as the decision-making process. Most of these models are based on the water 
balance equations. The planning of water resources hinges on capacity building and 
strengthening of data collection and information systems. More user friendly tools for use 
by water managers are required to assist in planning and simulation of various scenarios, 
with better precision. The credibility of a model must be established over a period of time 
and is influenced by the following factors: a) initial stage of model development (clear 
model purpose), b) reliable data, and c) adaptive to the dynamic changes which the 
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physical system might undergo. Water resources models are basic tools for planning, 
design and management of water resources (Dube, 1999).  
A model is a systems methodology approach and helps to define and evaluate numerous 
alternatives that represent various possible compromises among the conflicting groups, 
values and management objectives and tradeoffs (Singh, 1995). These models are 
increasingly becoming indispensable tools for planning, design and management of 
hydrologically related infrastructure. Decision makers can also use these models to 
improve on the quality of decision and formulation of policies.  
Their development is closely linked to the increasing processing capabilities 
of computer power. These models are now an indispensable tool for planning, design and 
management of hydrologically related infrastructure. They can greatly improve 
understanding, which is required for decision-making and policy analysis and 
formulation of legal framework (Mohammadi, 2001). 
A model is a simplified or idealized description of a particular system or process that is 
put forward as a basis for calculations, predictions or further investigation. A model 
should contain those elements of reality that are needed to solve the problem. 
The least necessary model is the best possible model for the purpose. A model is an 
imitation of reality which stresses those aspects that are assumed to be important and 
omits all properties considered to be nonessential. A model is like a caricature of a 
real system (Kindler et al, 1994). 
In acknowledging the role of systems methodology in water resources planning process, 
one should recognize the inherent limitations of models as representations of any real 
problems (AIT paper CE 09.23, 2004). The input data, including assumptions and 
objectives, may be controversial or uncertain. Of course these inputs affect the output 
Future events are not known with certainty and knowledge concerning water resources 
systems is limited. One should not expect, therefore, to have the precise results of any 
quantitative system study to be accepted or implemented. 
There are several modeling techniques used to evaluate the storage capacity of reservoirs 
from the water balance equations and other energy balance relationships.  
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This development is closely linked to the advancement in the computer processing 
capabilities. Models are increasingly used in hydrology to simulate changes in catchment 
management, to extend data sets and to evaluate the impacts of external influences (such 
as climate change). Whilst there are many simulation models in use, the skill is in 
selecting the right model for the job and balancing data requirements against the cost of 
model implementation (FAO Drainage paper, 1994). There is wide expertise in the 
development and application of hydrological models at a range of spatial levels, from plot 
to catchment, and temporal scales from event based models to annual water balance 
models. 
There are two basic modeling approaches: 
 Simulation models (methodology/ conceptual) 
 Optimization models (mathematical) 
A simulation model relies on trial and error to identify near optimal solutions. Decision 
variables are set and the resulting objective values evaluated (Loucks, et al, 1981). 
Simulation models are highly non-linear; however they are able to solve water resources 
system planning issues. Examples of simulation models that are common include Pitman, 
HEC -5 . HEC-ResSim and WEAP. These models seek to simulate reservoir operations 
to minimize downstream flooding; (2) evacuate flood control storage as quickly as 
possible; (3) provide for low-flow requirements and diversions; and (4) meet hydropower 
requirements. 
Optimization techniques include linear programming, Lagrange multipliers, geometric 
and quadratic programming among others. Optimization models are highly mathematical 
e.g. GLSNET and HSPF models. They analyses reservoir using residual techniques to 
estimate a regional regression equation to predict flow characteristics at ungauged sites. 
The water resources system is a complex system with great heterogeneity in input 
responses, both in time and space. 
Selection of an appropriate model depends on the objectives of the study, function and 
level of spatial and temporal resolution. The criterion is also related to the nature of the 
problem being investigated and the resources available (Loucks, et al, 1981). Water 
resources model specifications depend on: 
 Objectives of the analysis 
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 Data requirements Time, money and computational facilities 
  The modeler‟s knowledge and skills 
The number of water resources models available has increased in recent years so much 
that it now a relatively hard task to choose from amongst them. 
Some of the reasons for modeling a hydrological system include: - 
 To prove the economic justification of a project and optimize the design of a 
water resources system 
 To identify and evaluate alternatives, trade-offs, objectives and interests 
To predict impacts and important assumptions on water resources 
 To enhance judgments on water resources issues (Schulze, 1995) 
 
HEC-ResSim  
The Hydrologic Engineering Center (HEC) of the U.S. Army Corps of Engineers has 
developed a new reservoir simulation model, HEC-ResSim, as the successor to the well-
known HEC-5.  
HEC-ResSim uses an original rule-based approach to mimic the actual decision-making 
process that  reservoir  operators  must  use  to  meet  operating  requirements  for  flood  
control,  power generation,  water  supply,  and  environmental  quality.   
It has a graphical user interface (GUI) and utilizes the HEC Data Storage System 
(HECDSS) for storage and retrieval of input and output time-series data. ResSim is used 
to simulate reservoir operations including all characteristics of a reservoir and channel 
routing downstream.  
The  model  allows  the  user  to  define  alternatives  and  run  their  simulations  
simultaneously  to compare results. Network elements include reservoirs, routing reaches, 
diversions, and junctions. In ResSim, watersheds include streams, projects (i.e. reservoir, 
levees), gage locations, impact areas, time-series locations and hydrologic and hydraulic 
data for that specific area.  
Schematic elements  in  ResSim  allow  you  to  represent  watershed,  reservoir  network  
and  simulation  data visually in a geo-referenced context that interacts with associated 
data. The program is organized in to three modules namely watershed setup, reservoir 
network and simulation. The basic features of the model in each of the modules are 
shown in figure (2.9) the watershed setup module helps the simulator to define the 
various elements of the river system including the streamlines, the dams and the diversion 
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structures. The reservoir network module is where the reaches are defined and the 
physical characteristics related to the dam, its reservoir and the outlet works are inputted. 
The simulation module performs the simulation using inputs defined in the watershed 
setup and the reservoir network. The various input data fed to the system are listed in the 
following section 
 
 
Figure 2. 6 Model features in HEC-REsSim (2013) 
 
The watershed setup is where every component of the model is defined. Here the 
simulator defines the streamlines, the reservoir, the diversion works along with their 
relative positions and arrangements. Figure 1 shows the model setup in the watershed 
module. This has been done in as a first step taking in to account the major components 
associated with the dam. In watershed setup, the arrangement river does not need to be 
georeferenced neither it exact shape be drawn. The software only requires the physical 
information pertaining to each component (the dam, reservoir, spillway, outlet works 
etc…) be defined. That is the only way the system recognizes the components.  
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The  purpose  of  the  Reservoir  Network  module  is  to  isolate  the  development  of  
the  reservoir model from the output analysis. This module facilitates the creation of the 
network schematic, the description of the physical and operational elements of the 
reservoir model, and the definition the management alternatives to be analyzed. 
Reservoirs are  further  divided  into  multiple technical  elements  such  the  pool, the 
dam, and  one  or  more  outlets. The criteria for reservoir release decisions  are  drawn  
from  a  set  of  discrete  pool  heights,  power  production  levels  and release rules. 
Reservoirs are connected to the river network as well diversions or junctions. After 
completing the connection network schematic, physical and operational data for each 
network element are defined.  Management alternatives are created to compare results 
using different model schematics, i.e.  Physical properties, operation sets, inflows, and/or 
initial conditions. The  purpose  of  the  Simulation  module  is  to  isolate  the  output  
analysis  from  the  model development  process.  Once  the  reservoir  model  is  
complete  and  the  alternatives  have  been defined, the Simulation module enables the 
model to test various river flow hypotheses. 
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CHAPTER THREE 
3.0 MATERIALS AND METHODS 
3.1 Introduction 
This chapter present an overview of the area identified for the study. It discusses the 
research methods used in this study. These include data collection and analysis  
3.1.1 Study Area 
Kuraz sugar development headwork site is situated on the Omo river at a location of 6
0 
17‟ 03”N-N and 360 2‟ 35”E-E with an elevation of 475m.a.s.l. The Omo River up to the 
headwork site has a catchment area of 48,520 km
2
, which comprises of 61% the total 
Omo river drainage area. The site is located about 240 km far from Gibe III dam.  
 
 
Figure 3.1 Location of the study area 
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3.1.1 Climate and Rainfall 
The climate of Omo river valley varies from tropical humid in the highlands that include 
the extreme north near Bako, to the hot arid climate in the southern parts of the flood 
plain. Intermediate between these extremes and for greater part of the basin the climate is 
tropical sub-humid. The seasonal variation in climate is associated with the oscillation of 
the Inter-Tropical Convergence Zone (ITCZ), a low pressure area of convergence. 
Between June and September the ITCZ is located north of Ethiopia and the project area is 
under the influence of Atlantic equatorial westerlies and southerly winds from the Indian 
Ocean. These south–westerly ascend over the south-western highlands of Ethiopia to 
produce the main rainy season. The ITCZ shifts northwards across southern Ethiopia 
from September to November and southwards from March to May.  
Annual rainfall varies from 1,900 mm/annum in the north/central areas of the Omo-Gibe 
Basin, to less than 300 mm/annum in the south (Richard, 1994). 
The annual rainfall generally diminishes through the Basin as the river drains from the 
highlands in the north to Lake Turkana in the south. The mean monthly rainfall pattern 
over the basin varies distinctly i.e. in the north part of the basin the rainfall pattern is uni- 
modal, but further downstream to the south of the basin the pattern becomes bimodal 
(EEPCO , 2010) 
Figure 3.2 Rainfall pattern along the Omo-Gibe river basin 
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The minimum and maximum temperature as shown in Figure 3.3, exhibit the monthly 
maximum and minimum temperatures of 33.1 0
C
 and 19.1 0
C
 respectively. The highest is 
recorded in the month of February followed by March and January. The minimum is 
recorded in the month of July, August followed by September Figure 3.3 
 
 
 
 
 
 
 
Figure 3.3 Monthly Max and Min Temperature, 
o
c 
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3. 2 Assessment Methods of the Study 
 This section describes the methodology to used estimate the Hydropower potential of the 
site on  existing irrigation headwork based on the site characteristics and the amount of 
flow is in excess of irrigation demand . The general research methodology followed 
shown in Figure 3.4. 
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Figure 3.4 Study framework 
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3.2.1 Data Collection  
 Necessary data in order accomplish and determine the objects of the thesis. Stream flow 
to weir site, irrigation data; design data for weir and coffer dam of Kuraz project obtained 
from Water work design and supervision enterprise (WWDSE), Climatology and 
hydrology report. Adequate length of the stream flow (1964-2016) data developed was 
obtained for the study. Secondly, Stream flow data to koysha dam site were obtained 
from Ethiopia Electric power (EEP), Koysha Hydroelectric project, and Main report. This 
data were used in order to control the quality of the data by continuity checking. Digital 
Elevation Model DEM (30mx30m) obtained from the Ministry of Water, Irrigation and 
Electricity, Department of Geographical information system. Finally site review was 
done in order to clear vision about the project and overall layout and project performance. 
3.2.2. Site Selection and Head Determination 
Choulot (2010) defined the multipurpose systems as those in which electricity generation 
is not their primary priority, but the second. This implies the integration of the power 
plant in the existing infrastructure while guaranteeing its both primary (Irrigation) and 
secondary (hydoloelectric power generation) function. Assessment of the site is a 
prerequisite in any hydropower development (Kusre, et al., 2010). The key parameters 
during the assessment are the pressure head, the ﬂow rate of the given river, and wire to 
water efficiency of the overall system. This parameter can be easily found through 
measurement and manufacturer specification. The upper value of net power capable of 
being developed technically is computed from potential water power by introducing 
reduction factors to account for losses in conveyance and in energy conversion. The 
EEPCO puts the factor to be about 0.75 to 0.80. 
                                                                                                                                     
Where     is arithmetic mean discharge 
            Pm is potential power  
As seen from the above equation the power generated from the turbine depends upon the 
discharge rate .As seen from the above equation the power generated from the turbine 
depends upon the discharge rate Q, the net head H, and overall efficiency of the system 
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science other variables are constant in the equation. For the same power output one can 
either increase head or discharge rate. Usually the head is site-dependent and could not 
varied. Locations of the major project components are very important for energy 
production since the gross head is determined from these locations.  In order to make 
changes on the locations of main components of hydropower plants, the topography of 
the area should be carefully investigated. For preliminary assessment of locations, 
1:25000 scale topographic maps are sufficient. However, supplementary field 
investigations are always useful for a sound conception of the project. The topography of 
the area may sometimes make it impossible, or infeasible to develop a hydropower 
project. If it is too flat, for example, available head will be small and this may make the 
project infeasible. Another consideration that should be taken into account when deciding 
the locations of project components is the presence of upstream or downstream power 
plants. If an upstream hydropower plant exists, the maximum elevation at which water 
can be taken will be the tail water elevation of the upstream plant. For Kuraz irrigation 
development for integration of power plant, it was tried to identify suitable power plant 
layout from three alternatives. 
Alternative 1: It was aligned at left spillway for excess dependable flow with gross head 
of 14m to power plant at 465m a.m.s.l. distance of 1.2km. This alternative considered for 
installation of the power plant without any difficulty with existing infrasture and 
moreover adequate of power generation.  
Alternative 2: It was aligned considering both excess dependable flow and left irrigation 
demand at gross head of 4.4m on the left spillway to power plant at 474.6m a.m.s.l 
distance of 550meters.This alternative eliminated due to less head difference of power 
generation. 
Alternative 3: It was aligned considering both excess dependable flow and left irrigation 
demand at gross head of 4m on the right spillway to power plant at 474m a.m.s.l distance 
640meters.At this case there is accessibility problem during installation and construction 
in addition to less head difference of power system 
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3.2.3 Discharge Determination 
All hydroelectric generation depends on falling water. Stream flow is the fuel of a 
hydropower plant and without it, generation ceases. Accordingly, the study of any 
potential hydroelectric scheme must first of all address the availability of an adequate 
water supply. Therefore, available discharge and its variation is also important for 
checking plant rating and capacity limitations for part load operations. When a site has 
been identified as topographically suitable for hydropower, the first task is to investigate 
the availability of an adequate water supply. In order to adequately assess the minimum 
continuous power output to be expected from the diversion with storage system, the 
minimum quantity of water available throughout the year must be determined. For this 
study stream flow to weir site obtained from Water work design and supervision 
enterprise (WWDSE, 2013), climatology and hydrology report. Adequate length of the 
stream flow (1964-2001) data developed was obtained for the study. 
3.2.3.1 Tests on Hydrologic Data 
Two basic assumptions of statistical flood frequency analysis are the independence and 
stationary of the data series. In addition, the assumption also made that the data comes 
from the same distribution (homogeneity is made). The following tests which are 
commonly adapted to test for stationary, homogeneity & independence of data & test for 
outliers. For this study test for outlier were applied. For the outlier test discussed below, 
monthly daily peak discharge from two data sources were used and tabulated in Table 
3.1. 
Tabel 3.4Maximum discharge from each year 
 
 
Year Qmax Year Qmax Year Qmax Year Qmax Year Qmax Year Qmax
1964 800 1973 836 1982 922 1991 808 2001 800 2010 759
1965 800 1974 857 1983 808 1992 893 2002 758 2011 764
1966 800 1975 832 1984 698 1993 800 2003 793 2012 766
1967 800 1976 717 1985 735 1995 815 2004 778 2013 760
1968 808 1977 808 1986 731 1996 714 2005 756 2014 768
1969 808 1978 827 1987 733 1997 800 2006 760 2015 770
1970 800 1979 698 1988 800 1998 800 2007 780 2016 760
1971 800 1980 702 1989 702 1999 800 2008 757
1972 714 1981 736 1990 812 2000 800 2009 753
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3.2.3.2 Test for Outliers 
An outlier is an observation that derivate significantly from the bulk of the data, which 
may be due to errors in collection, or recording, or due to natural causes. The presence of 
the outliers in the data causes difficulties when fitting distribution to the data. Low and 
high outliers are both possible and have different effects on the analysis. The Grubbs & 
Beck (1972) test (G-B) may be used to detect outliers. In this, test the quantities XL& XH 
are calculated by using equation below  
Where X  is mean of the natural logarithm of sample  ,S is standard deviations of 
logarithm of sample  and   KN is the G-B statistic tabulated for various sample size and 
significant level by Grubbs and Beck. 
 
KN =-3.62+6.28 N
1/4
-2.49N
1/2
+0.49N-.0.37N                                                                (3.2) 
KN =-3.62+6.28 *38
1/4
-2.49*38
1/2
+0.49*38-0.37*38 =8.12    
XH=exp ( X + KNS)                                                                                                        (3.3) 
XH=exp (3.14+ 8.12* 0.06) =4238m
3
/s 
XL= exp ( X - KNS)                                                                                                         (3.4) 
XL= exp (3.14- 8.12*0.06) =447m
3
/s 
All observations are within range of higher  threshold value (XH) discharge of  
4238m
3
/sec  and lower threshold value (XL) of 447m
3
/s.  Therefore No low outliers were 
detected.  
3.2.3.3 Estimation of Missing Hydrological Data                                                                         
 Before using a runoff record of a station, it is necessary first to check the data for 
continuity. The continuity of a record may be broken with missing data due to many 
reasons such as, absence of the observer broken or frailer of instrument. It is often 
necessary to estimate these missing records. The missing data can be estimated by using 
the data of the neighboring station. There are different methods of filling missing data 
such as arithmetic average method, normal ratio method or other approximation methods. 
However, all the above methods require more than one nearby station and concurrent 
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records. These problems force to adopt simple regression between runoff data of 
neighbor stations or between different seasons consecutive to each other‟s for the 
determination of this missing data. For this study linear regression line between the 
preceding and the following months and data prepared with Koysh dam site were used to 
fill the missing flow records at the weir site. If the correlation coefficients are in the range 
0.6 < r < 1.0 indicates good correlation (Linsley, et al.,). The equation for linear 
regression: 
Y =aX+b                                                                                                                                                                        (3.5) 
And the values of the coefficient a and b is given by: 
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 Where,   a and b are constant 
Y =monthly run off of the specific year following the year for which the data is available 
in which the missing data is going to be determined. 
X = monthly run off of the specific year for which the data is available for the 
hydrological year considered. 
r = correlation coefficient  
N =number of months with available data 
 For example to calculate the missing monthly flow of year 2012 at headwork flow, 
Koysha dam site flow data were correlated, the coefficient a and b are  
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Figure 3. 5 Regression line for stream flow 
    a=0.5548   , b=590.17    , r=0.56 
Since the values of coefficient of correlation becomes r=0.56 which has relatively good 
relation and shall be applied to regression equation Y=0.5548X+590.17 
Substituting the value at Koysha dam site inflow, the Y at headwork inflow values of 
missing data estimated ( Appendex-A). 
Tabel 3.5 Estimated flows at headwork 
 
Month Jan Feb Mar Apr May Jun Jul 
Koysha 
196.8 120.1 118.7 146.1 134.8 152.2 137.6 
Kuraz 
733 724 718 749 693 738 749 
3.2.3 Flow Duration Curve (FDC)  
It is a curve which represents the relation between flow and time. The flow-duration 
curve is a useful tool for studying the stream flow variability for water power 
development, and the curve representing along period data can be used for the estimation 
of the amount of power that can be produced under average conditions by the conversion 
of discharge scale in to power units corresponding to the available head. Thus the 
y = 0.5548x + 590.17 
R² = 0.56 
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availability of power from a hydro plant can also be represented by a power duration 
curve exactly on the lines as flow-duration curve. The time period may be a day for 
diversion without storage and month or year, depending on the size of reservoir inflow 
for a storage project. The curve is a plot of stream flow (Q) in descending order of 
magnitude as ordinate against the percent of time as abscissa, the curve there by shows 
the flow equaled or exceed for any desired percentage time covered by the record.  The 
two methods used for drawing flow duration curve with entire stream flow record are as 
under: 
Calendar year method: in this method the mean monthly (or daily or weekly) values of 
flow rates of each year are first separately arranged in descending order of magnitude and 
tabulated in that order. Then the average flow values corresponding to the wettest month, 
the second wettest month and soon up to the driest month are determined by taking 
arithmetic mean of all values of the same rank. These average values are then plotted to 
give flow duration curve. 
Total period method: in this method the mean monthly (daily or weekly) flow rates for 
the entire period, irrespective of calendar year in which they occurred, are arranged in 
descending order of magnitude with these values the flow duration curve is prepared. The 
total period method gives more correct results than calendar year method which averages 
out extreme values. For our construction we shall adopt the most accurate one, which is 
total period method. The Weibull formula is commonly used in practice. 
P= (m/N+1)*100                                                                                                            (3.8) 
Where, m=is the order of discharge  
Po=percentage probability of the flow magnitude being equaled or exceeded.  
N=number of data points that are used in the listing 
3.4 Approaches to Evaluate Water use Efficiency and Energy 
Production  
For appropriate water use efficiency in the section, appropriate water resource planning 
for different demand components and constraints play important role to have adequate 
benefit of the project. Evaluation for water use become imperative in terms of establishing 
time distribution of flow weir site for  existing irrigation demand and  minimum amount 
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of water that can be released to power production in excess of irrigation demand. 
Therefore in order to notify and properly allocate, simulation need to look in different 
inflow situation (flow established at Kuraz and transferred from Koysha) to establish 
outflow and power production.  
3.4.1 Hydropower Simulation Software (HEC-ResSim) 
HEC-ResSim is one of the simulation models that possess of reservoir simulators and can 
simulate planning and evaluation of performance of water resources system. Reservoir 
operation rules can be either long term or real time. In long-term operation, a reservoir is 
operated with a historical long-term series of inflow .In real-time operation the released 
water from a reservoir in each period is a function of variables such as reservoir storage 
volume at the beginning of the current period or the end of pervious period, the reservoir 
inflow during the current period, and downstream requirement during the current period. 
By applying simulation model (HEC-ResSim), to Headwork for kuraz irrigation in order 
to evaluate and determine the amount of water in excess of irrigation demand for power 
assessment for existing headwork infrastructure, the following reservoir simulation 
relation based. 
                                                                                                                         
Where,       =Final storage capacity at any given period t (Mm
3
),  
    =Initial storage capacity at any given period, t (Mm
3
),      = monthly inflow into the 
headwork (Mm
3
),    =monthly spill= demand to generate power (Mm
3
),    =Monthly 
irrigation demand (Mm
3
) and losses were assumed.   
3.4.2 Input Information 
The major inputs to the model can be generally categorized as inflow data, information on 
the physical characteristics of the coffer dam, weir and spillway and its appurtenant 
structure, data related to irrigation and power demand. This section presents all the input 
information used in the simulation. 
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A) Dam  and Reservoir physical data  
 
 
 
In HEC-ResSim simulation, the dam is mainly characterized by a capacity curve that 
relates elevation with both area and volume. For Kuraz coffer dam, that its elevation 
capacity area relation of the reservoir and dam shown in Figure 3.7. 
 
 
Figure 3. 6 Kuraz headwork pool 
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Salient futures of the project  
Coffer dam  
Bed level = 460 m.a.s.l 
Crest level = 490 m.a.s.l 
Crest length = 800 m 
Irrigation Intake  
Right intake                                                                                   Left intake    
Bad level = 477 m.a.s.l                                             Bad level = 477 m.a.s.l 
Full supply level = 478.6 m.a.s.l                                    Full supply level = 478.6 m.a.s.l 
Discharge = 162 m3/s                                                         Discharge = 62 m3/s   
 Spillway  
Crest length = 95 m                        
Crest level = 479.2 m.a.s.l                            
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44 
 
B) Inflow data 
The monthly inflow data to headwork for 53 years from 1964 to 2016.  The data is shown 
in figure 3.8. 
 
 
C) Release  
Water leaves the coffer dam in two canal one to left and the other to right. These are:  
The maximum irrigation release of 162 and 62 m
3
/sec right and left off taking 
respectively. This irrigation demand has a monthly variation depending on the water 
requirement of the plants at different phases of their growth cycle.  Total water demand 
required in each month is shown in Figure 3.9.   
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Figure 3. 8 Monthly inflow to headwork 
 Figure 3.9 Monthly irrigation demand 
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3.4.3 Model Setup  
Any reservoir and water balance simulations mainly start with identifying the major 
inflow and outflow components. The reservoir simulation used here is HEC-ResSim 3.1. 
 This simulation program is developed by the American Us army of Hydrologic 
Engineering Center. The program can simulate the reservoir inflow and outflow given the 
required information on dam characteristics, spillway outflow characteristics and 
downstream demand. The program is organized in to three modules namely watershed 
setup, reservoir network and simulation. The watershed setup module helps the 
simulator to define the various elements of the river system including the streamlines, the 
dams and the diversion structures. The reservoir network module is where the reaches are 
defined and the physical characteristics related to the dam, its reservoir and the outlet 
works are inputted. The simulation module performs the simulation using inputs defined 
in the watershed setup and the reservoir network. 
3.4.4 Watershed Setup  
The watershed setup is where every component of the model is defined. Here the 
simulator defines the streamlines, the reservoir, the diversion works along with their 
relative positions and arrangements. In watershed setup, the arrangement river does not 
need to be georeferenced neither it exact shape be drawn. The software only requires the 
physical information pertaining to each component (the dam, reservoir, spillway, outlet 
works etc…) be defined. That is the only way the system recognizes the components.  
The model setup used in the Kuraz coffer dam simulations is shown below in Figure 3.11.  
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3.4.5 Reservoir Setup 
This module mainly deals with defining the physical parameters associated with the 
various elements of the irrigation system defined in the watershed setup. A typical 
interface for feeding in these parameters is shown in Figure 3.11 the interface lets the 
user define various elements associated with the reservoir and the dam. In this simulation, 
elements like evaporation, irrigation release and spillway release are defined  
Figure 3.10 Watershed setup 
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Figure 3. 11Reservoir module interface 
 
The next procedure in the reservoir setup is defining the various regions of the reservoir 
namely the dead storage, the conservation and the flood zones.  
 
             Figure 3. 12 Operation zone of the headwork 
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3.4.6 Simulation Module  
The final of the three modules is the setup module. As the name clearly indicates, here 
simulation runs are made after look back, model start and end dates are established. The 
results of the runs are presented both in tabular or graphical ways.  
3.5 Turbine Selection 
There are numerous parameters for selection of turbine .The usual practice is based on: 
 Technical and economic considerations 
 Operating head and power output   
  Desired rotation specific speed and turbine speed. 
 
I. Specific Speed 
The specific speed of turbines can be calculated with the help of number of empirical 
formulas as shown below: 
A) R.W Abett‟s formula 
H
Ns 1700                                                                                                            3.9 
B) P.C Nag and K.madras formula 
H
NS 1640                                                                                                3.10 
C) Moody formula 
6.83
75.8
6780 


H
Ns                                                                              3.11        
II) Power based specific speed (Nsp) 
    
       
       
                                                                                                                               
Where N=revolution per minute 
            P=power in metric horse power/Kw at full gate opening 
           H=rated head in m        
Once the turbine power, specific speed and net head are known, the turbine type, the 
turbine fundamental dimensions and the height or elevation above the tailrace water 
surface that the turbine should be installed to avoid cavitations phenomenon, can be 
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calculated. The turbine type can be estimated by comparing the calculated net head and 
specific speed with those given in Table 3.3 and Table 3.4. 
Tabel 3. 6Turbine selection based on head 
Turbine type Head range (meter) 
Kaplan and propeller 
Francis 
Pelton 
Cross-flow (Banki-Michell) 
2 <Hn< 40 
10 <Hn< 350 
50 <Hn< 1300 
3 <Hn< 200 
 
Tabel 3. 7Turbine selection based on head 
Turbine type Specific speed range (meter) 
Pelton one nozzle 
Pelton two nozzles 
Pelton four nozzles 
Cross-flow (Banki-michell) 
Francis 
Kaplan and propeller 
5≤Ns≤ 25 
7≤Ns≤ 35 
10≤Ns≤ 50 
20≤Ns≤ 200 
50 ≤Ns≤ 350 
200 ≤Ns≤ 1550 
Source : Okonkwo, G. N. and Ezeonu, S. O.: "Design and installation of a mini hydro-
electric power plant", Scholarly Journal of Engineering Research, Vol. 1, No. 1, pp. 19-
24, April, 2012. 
 In general, the Pelton turbines cover the high pressure domain down to (50 m) for micro-
hydro. The Francis types of turbine cover the largest range of head below the Pelton 
turbine domain with some over-lapping and down to (10 m) head for micro-hydro. The 
lowest domain of head below (10 m) is covered by Kaplan type of turbine with fixed or 
movable blades. For low heads and up to (50 m), also the cross-flow impulse turbine can 
be used. Once the turbine type is known, the fundamental dimensions of the turbine can 
be easily estimated. To obtain constant frequency from a generator driven by a water 
turbine, it must run at a constant speed and drive the generator through a fixed gear-ratio. 
The speed of the water turbine is controlled by a governor which opens or closes a valve 
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or gate to hold the speed constant as the load changes. Both mechanical and electrical 
hydraulic governors are used to control the flow of water through the turbine by adjusting 
the gate position (Jasvir Singh July,2013) 
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CHAPTER FOUR 
4.0 RESULTS AND DISCUSSIONS 
4.1 Characterization of the Potential Site and Head 
 An effort made to determine the appropriate characteristics for the site for location of the 
power plant on existing headwork infrastructure. It was tried to determine plant location 
for the site from left and right side of the headwork. It is possible to locate the power 
plant at the right side of the spillway with gross head of 15m and conveyance length of 
1200meters which is suitable accessibility for construction and installation. The general 
layout indicated as shown Figure 4.1. 
 
 
Figure 4. 1Layout of power plant 
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4.2 Discharge  
A single value of the flow has no significance in designing a hydroelectric  power plant 
due to fact that flow rate fluctuates considerably in a year, even in a single season. If 
these fluctuations would not considered in the design process that plant will only 
efficiently work for a short period of time, and result in a largely uneconomical 
investment. 
Therefore, it is mandatory to know the flow regime, commonly represented by the Flow 
Duration Curve (FDC) of 12 months.  
 
Residual flow 
As indicated above residual flow that must be left in the river through the year in excess 
of the irrigation demand and spilled .This flow is obtained by subtraction of irrigation 
water consumption from the flow duration curve for plant capacity of multi-purpose. 
Design flow is the maximum flow for which the hydro system is desined.It will likely be 
less than the maximum flow of stream (especially during the rainy season),more than the 
minimum flow, and compromise between potential electrical output and system cost .  
Figure 4.2 Flow duration curve 
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If a high design discharge is selected, the amount of electricity that can be generated in a 
year will be more. However, as the design discharge increases, dimensions of the project 
components such as hydro turbines or water conveyance systems also increase, resulting 
in increased costs in addition to higher risk of not having the required discharge in the 
river. Usually the design flow is assumed to be the difference between the mean annual 
flow and the residual (http://www.microhydropwer.net/.).   
residualmeandesign QQQ                                                                                                   (4.1) 
Table 4.1 Flow duration curves for different percentage of expedience 
% Execeedence Q (m
3
/s) 
50 660 
 
60 652.93 
 
70 640 
 
80 634 
 
90 623.09 
 
99.84 
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The flow duration Curve (FDC) provides means of selecting the right design discharge by 
taking into account reserved (residual) flow for environmental, losses and aquatic life 
purpose. This is specified by the user and it is assumed to 25m
3
/s which is taken from 
(WWDES, 2013) for this study. But for this study electricity generation is not their 
primary priority, but the second. This implies the integration of the power plant in the 
existing infrastructure while guaranteeing its primary function.Thererfore Design 
discharge for secondary power considered residual of the firm discharge (95%) available 
flow from flow duration curve. 
rrigationienvrim
Design QQQQ f                                                                                      (4.2) 
smQdesign /9222425341 3                
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4.3 Plant Capacity and Energy Production 
The estimation of plant capacity and average annual energy production is related with 
design flow and net head. The average annual energy production is a function of flow, net 
head, and total efficiency of a plant, water density, gravity acceleration and number of 
hours for which the specified flow occurs. 
 
 
The Hec-ResSim model calculates the estimated renewable energy delivered (MWh) 
based on the design flow, the gross head specified at intake and tail water level and the 
efficiencies/losses assumed. The result off simulation with designed discharge of 92m
3
/s 
flow, the average power production of 10.95MW as indicated in Table 4.2 
 
 
 
Figure 4.3 Power production pattern of Hec-ResiSm output 
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Table 4.2 Hec-ResiSim simulation parameters output 
Location parameter Average Maximum Miimum 
Omo Coffer dam-power plant    
Generation efficiency 0.8 0.8 0.8 
Power Head(m) 15.23 15.75 14 
Hydraulic losses 1.0 1.0 1.0 
Energy Generated per time step(MW) 262.77 265 0 
Power Genertated 10.6 11 10.2 
Plant factor 0.45 0.7 0.4 
Flow power 90 91 88 
 
The result of power production varation indicates that there is negiligble varation of power 
production from hydropower system while comparing average, maximum and minimum 
power simulated as shown in Table 4.3. This result indicates that there is large volume of 
water spilled that exceeds even the multi-purpose proposed for this study. Thus Kuraz 
headwork can be integrated for multi-purpose project meeting both primary and secondary 
function adequately. Decision making for turbine types and capacities has been solved in 
considering together with economic issues and some additional objectives such as 
maximization of the produced energy and the best usage of the water stream potential. If 
more than one of these turbines are appropriate for the job, than it will be necessary to 
compute installed power and electricity output against cost before making decision. Since a 
turbine can only accept discharges between the practical minimum a maximum discharge 
values, it will be advantageous to install two or more smaller turbines instead of one large 
turbine so that the entire FDC can be covered. 
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.The turbines can be sequentially started and each turbine can be operated at its nominal 
discharge value so that the plant works at its highest efficiency entire year. 
 Hydraulic turbine above 5 MW unit size are generally tailor made and selection criteria 
is more specific. Head, discharge and efficiency play most important role in selection of 
turbine. 
 
 
 
 
 
 
Figure 4. 4Water use for multi- purpose 
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4.4 Turbine Selection 
Based on the above parameters, average net operating head of 15.21m and average 
generating power of 10.7MW, and the specific speed calculated by empirical formula as 
shown table below: 
Tabel 4. 2 Calculation of specific speed from empirical formula 
R.W Abett‟s formula 
H
Ns 1700 = 436
2.15
1700   
P.C Nag and K.madras formula 
5.420
2.15
16401640 
H
NS                                                                                                 
Moody formula 
rpm
H
Ns 7.3666.83
75.82.15
67806.83
75.8
6780 



  
Average specific speed (Ns)=408 
                                                                                      
Figure 4.5 Operation for multipurpose 
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Power based specific speed (Nsp) 
    
       
       
     
               
          
                                                                      
Based on the guideline described in literature in Table 3.3 and 3.4 selecting turbine based 
on the head and specific speed, for this study turbine type identified for both head and 
specific speed. Potential head possible is 15m that is within the range of Kaplan turbine 
selection for small hydropower development. To select turbine based specific speed, 
average specific speed was calculated from different empirical formula as shown above 
equations in Table 4.3.The specific speed calculated is within range of Kaplan turbine 
based on the guideline in table 3.4.Therefore in both cases the Kaplan turbine is obtained. 
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CHAPTER FIVE 
5. CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions 
The following conclusions are drawn from the outcomes of this study: 
Potential site and accessibility was made to identify optimum site for power plant. At the 
left spillway of the headwork, optimum site was identified intake level of 480m.a.s.l to 
465m.m.sl.tail water level resulting gross head of power plant. Flow duration curve 
developed to identify discharge available for different uses like irrigation, power 
development and environmental reason. The result indicates that at the section of 
headwork, there is adequate flow capable to secondary power development considering 
existing irrigation and environmental consideration on headwork infrastructure by some 
modification. Moreover, the flow result indicates even 92m
3
/s considered for power 
development, excess flow left spilling through the saddle spillway. Power or energy 
generation simulation was made using HEC-resiSim to flow rate, gross head and 
efficiency values assumed. The simulation indicates that the time distribution of flow and 
power production, potential power that can be produced is 11MW. 
Kaplan turbine type based on the head and specific speed was selected for the 
hydropower development. 
 Therefore it is possible to integrate hydropower development as secondary power on 
kuraz irrigation development project by using existing headwork which can be classified 
as medium scale hydropower.  
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5.2 Recommendations 
 
 The comprehensive water resource development is an essential means to optimum 
use of water. Comprehensive river-basin study would help identify water 
resources projects and put them in priority orders of development in consideration 
of relative economic and social attractiveness without favoring any particular use 
of water. Thus there should be comprehensive river-basin study that gives impetus 
to multi-purpose development schemes. 
 Decision makers, and all stakeholders should follow of unexpected environmental 
change and any activities that imposes constraints on water use resulting reduce 
project performance after the integration of the power plant. 
 Certainly, more precise results would be obtained in case of considering detailed 
data considering quality of stream flow and other parameters that determine the 
power potential of the project which were not considered as this study. Hence, the 
results of this study should be taken as initial for further studies of power 
development. 
 Single-purpose development has created and is still creating a lot of waste of 
flowing wealth. Many already constructed single-purpose projects have occupied 
sites that could have been used for multi-purpose projects and thereby providing 
optimum benefits from the available water. 
 Decision makers and all stakeholders should especially concern in view of 
integrating of overall development of water resources of the river basin. 
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ANNEX 
ANNEX-A: MONTHLY INFLOW TO KURAZ IRRIGATION 
HEADWORK 
 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1964 631 644 656 670 684 698 695 656 800 800 622 628 
1965 628 644 656 670 684 695 695 660 800 800 622 622 
1966 628 644 656 666 680 695 695 660 800 622 622 631 
1967 644 660 677 692 708 724 729 695 653 800 622 625 
1968 631 647 660 644 656 634 634 663 808 800 622 628 
1969 640 656 666 684 698 714 702 663 808 800 622 631 
1970 640 656 670 691 705 719 712 666 800 800 622 628 
1971 637 656 670 691 706 717 707 660 800 800 622 628 
1972 637 653 663 680 695 714 710 680 640 628 631 640 
1973 660 673 694 708 346 736 733 695 836 622 622 631 
1974 644 660 673 691 709 724 728 714 857 827 644 660 
1975 666 684 695 719 337 341 736 714 832 800 622 628 
1976 640 656 666 684 698 717 717 695 656 631 631 644 
1977 660 670 687 702 716 337 732 695 808 800 622 625 
1978 634 647 660 677 695 698 695 827 800 800 622 625 
1979 634 647 660 673 691 698 698 677 644 628 634 640 
1980 647 656 663 680 695 702 698 677 640 631 634 647 
1981 660 673 691 706 724 339 736 714 660 634 637 653 
1982 663 677 695 708 335 339 732 729 922 848 660 663 
1983 680 695 710 335 339 345 745 729 660 808 622 628 
1984 631 640 653 666 687 698 698 666 634 625 628 640 
1985 656 666 687 702 723 339 735 714 660 634 634 644 
1986 660 677 695 714 731 339 731 702 677 660 663 673 
1987 695 721 335 345 351 355 351 733 706 702 706 733 
1988 339 347 355 359 368 373 355 660 800 800 622 625 
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1989 628 644 660 670 687 702 702 677 644 628 628 637 
1990 653 660 677 695 714 733 729 691 812 800 622 628 
1991 637 653 660 677 695 695 670 808 800 622 625 631 
1992 650 660 677 695 714 733 733 893 819 622 622 622 
1993 631 644 656 663 677 680 660 800 800 800 622 628 
1994 634 650 660 677 695 698 695 815 800 622 628 631 
1995 644 660 673 691 702 714 714 691 640 628 628 631 
1996 640 656 663 673 677 673 644 800 800 622 622 628 
1997 634 650 660 673 687 691 673 637 800 800 800 622 
1998 625 628 637 650 660 666 660 800 800 800 622 628 
1999 637 656 666 691 702 717 695 650 800 800 622 628 
2000 634 647 660 680 706 684 622 800 800 800 622 628 
2001 631 647 660 677 695 695 660 800 800 800 622 625 
2002 636 650 653 657 641 618 683 716 758 727 634 637 
2003 633 646 656 671 682 678 666 734 793 788 654 628 
2004 636 650 661 676 689 692 680 754 778 724 638 629 
2005 636 650 651 656 636 609 681 726 756 722 637 638 
2006 636 650 653 658 643 621 683 718 760 729 635 636 
2007 636 650 659 673 680 678 677 756 780 732 640 629 
2008 636 650 652 656 638 611 681 727 757 722 637 637 
2009 635 649 648 651 639 594 675 733 753 720 638 637 
2010 636 650 652 656 640 613 680 724 759 726 636 637 
2011 629 643 637 649 657 623 659 741 764 720 641 637 
2012 635 649 652 660 655 634 676 733 766 731 639 634 
2013 634 648 648 655 645 615 674 731 760 724 638 637 
2014 635 649 653 661 657 637 675 738 768 736 638 634 
2015 635 649 653 662 660 640 672 742 770 740 637 633 
2016 636 650 653 658 645 622 681 721 760 729 635 636 
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ANNEX-B: MONTHLY INFLOW TO KOYSHA  
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1964 109 106 71 110 197 531 528 489 633 633 259 380 
1965 96 81 58 137 120 538 538 503 643 643 297 176 
1966 80 94 93 161 119 538 538 503 643 465 179 91 
1967 59 56 81 96 146 567 572 538 496 643 333 161 
1968 91 97 65 108 135 477 477 506 651 643 179 115 
1969 77 101 140 107 152 557 545 506 651 643 165 88 
1970 74 71 89 122 138 562 555 509 643 643 209 105 
1971 69 58 51 75 128 560 550 503 643 643 283 114 
1972 70 66 55 101 140 557 553 523 483 471 175 79 
1973 62 52 39 81 175 579 576 538 679 465 172 76 
1974 51 54 58 75 116 567 571 557 700 670 176 70 
1975 58 68 53 86 102 184 579 557 675 643 202 104 
1976 63 61 58 68 156 560 560 538 499 474 177 73 
1977 75 155 66 93 97 180 575 538 651 643 317 143 
1978 83 74 70 96 253 541 538 670 643 643 230 141 
1979 116 122 95 123 143 541 541 520 487 471 187 236 
1980 286 127 97 114 183 545 541 520 483 474 169 94 
1981 72 74 76 87 106 182 579 557 503 477 129 69 
1982 58 260 48 73 102 182 575 572 765 691 192 118 
1983 66 101 61 86 141 188 588 572 503 651 249 122 
1984 302 60 50 74 97 541 541 509 477 468 110 72 
1985 49 47 43 70 141 182 578 557 503 477 133 77 
1986 53 59 67 96 109 182 574 545 520 503 105 65 
1987 40 40 59 106 106 198 194 576 549 545 131 60 
1988 76 82 68 94 120 216 198 503 643 643 456 232 
1989 82 65 56 127 104 545 545 520 487 471 142 131 
1990 78 81 88 112 126 576 572 534 655 643 209 133 
1991 95 92 89 131 276 538 513 651 643 465 151 106 
1992 65 81 64 103 151 576 576 736 662 465 470 151 
1993 120 130 77 171 309 523 503 643 643 643 285 165 
1994 101 92 82 119 209 541 538 658 643 465 196 130 
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1995 84 76 71 113 191 557 557 534 483 471 169 155 
1996 97 120 173 212 364 516 487 643 643 465 244 153 
1997 111 102 84 163 209 534 516 480 643 643 748 341 
1998 211 145 189 152 258 509 503 643 643 643 420 163 
1999 91 72 64 85 185 560 538 493 643 643 295 103 
2000 81 72 57 133 266 527 465 643 643 643 402 154 
2001 60 60 75 145 244 538 503 643 643 643 466 120 
2002 92 88 81 133 212 461 526 559 602 571 157 97 
2003 93 88 81 133 212 522 509 577 636 631 157 97 
2004 102 89 82 134 213 535 524 597 621 567 158 97 
2005 104 89 82 134 213 452 524 569 600 565 158 97 
2006 81 87 79 132 210 464 526 561 603 572 156 97 
2007 72 86 78 132 209 521 520 599 624 576 156 97 
2008 84 87 79 132 211 454 524 570 600 565 157 97 
2009 86 87 80 133 211 438 519 576 596 564 157 97 
2010 98 88 81 133 212 457 523 567 603 569 157 97 
2011 95 88 81 133 212 466 502 584 607 564 157 97 
2012 74 76 75 117 121 477 520 576 609 574 146 94 
2013 84 83 96 133 185 458 518 575 603 567 286 144 
2014 93 86 110 179 468 480 518 581 611 579 257 173 
2015 95 89 89 137 229 483 515 585 613 583 248 128 
2016 92 88 78 117 181 465 524 564 604 572 229 126 
 
 
